Introduction
epithelial cells [8] . Cul4A is also a critical gene for hematopoietic cell survival and development [9] .
The Cul4A gene is amplified in breast [10] and liver [11] cancers and is associated with poor prognosis in node-negative breast cancer [12] . In addition, Cul4A overexpression may contribute to tumorgenesis and cancer development in cancer cells, because Cul4A has been observed in the ubiquitination and proteolysis of tumour suppressors, such as p21 [13] , p27 [14] , DDB2 [15] and p53 [16] . However, the role of Cul4A in mesothelioma has not been studied.
In this study, using fluorescence in situ hybridization (FISH) 
Materials and methods

Cell lines and cell culture
Human mesothelioma cell lines were obtained as follows: NCI-H28, MSTO-211H from American Type Culture Collections (ATCC, Manassas, VA, USA), REN as a generous gift from Dr. Steven Albelda (University of Pennsylvania, Philadelphia, PA), NCI-H290 and MS-1 from NIH (Frederick, MD, USA). All mesothelioma cell lines were cultured in RPMI 1640 complete medium supplemented with 10% foetal bovine serum (FBS)
, penicillin (100 IU/ml) and streptomycin (100 g/ml). LP9, a normal mesothelial cell line as described previously [17] , was obtained from the Cell Culture Core Facility at Havard University (Boston, MA, USA). LP9 was cultured in M199 containing 15% FBS, 10 ng/ml EGF, 0.4 g/ml hydrocortisone, penicillin (100 IU/ml) and streptomycin (100 g/ml). HCT116 p53-null ( (Fig. 1A) . Two (Fig. 3A-C) . Down-regulation of Cul4A increased the levels of p21 and p27 protein expression compared to protein levels in empty vector transfected cells in all cell lines studied (Fig. 3A-C) . The level of p53 protein was only increased in MS-1 cells (Fig. 3C) (Fig. 3D) . Fig. 4B-D) . (Fig. 5A) . Compared to the cell cycle of negative control siRNA transfected cells, G0/G1 phases were significantly decreased in p21 knockdown and both p21 and p27 knockdown cells after 72 hrs (Fig. 5B ) and 96 hrs (Fig. 5C) , and in p27 knockdown cells after 96 hrs (Fig. 5C ). S phases were significantly increased in p21 knockdown cells, p27 knockdown cells, and both p21 and p27 knockdown cells after 96 hrs (Fig. 5C) . Notably, compared to the cell cycle of empty vector transfected H290 cells, H290 cells transfected with Cul4A shRNA showed partially reversed effects of G0/G1 arrest at 96 hrs after p21 and/or p27 siRNA transfection (Fig. 5C) . (Fig. 6A) . Furthermore, significantly more colony numbers were noted in Cul4A overexpressed stable H28 cells than in controls (Fig. 6B ).
FISH signals were seen in normal lymphocytes and normal mesothelial (LP9) cells and three FISH signals were seen in MS-1(Fig. 1B) and H290 malignant mesothelioma cells (Fig. 1C). Of the five mesothelioma cell lines evaluated by FISH, four (MS-1, H290, 211H and H28) showed increased gene copy numbers of Cul4A compared to normal lymphocyte and mesothelial cells (Fig. 1D).
Cul4A is overexpressed in mesothelioma cells and MPM tissues
Down-regulation of Cul4A induces cell cycle arrests in GO/G1 and inhibits mesothelioma cell growth
Next, we examined whether down-regulation of Cul4A affects cell cycle and proliferation. Cell cycle analysis was carried out using flow cytometry in H290, H28 and MS-1 cells with Cul4A shRNA knockdown. A time-course study showed significantly more G0/G1 cells in Cul4A knockdown H290 and H28 cells at 0 hr, 2 hrs and 8 hrs and Cul4A knockdown MS-1 cells at 8 hrs (Fig. 4A). The effects of Cul4A knockdown on the growth of mesothelioma cells were further evaluated by anchorage-dependent colony formation assays on H290, H28 and MS-1 cells. Significantly lower colony numbers were noted in Cul4A knockdown H290, H28 and MS-1 mesothelioma cells than in controls (
G0/G1 arrest after Cul4A down-regulation is reversed by siRNA knockdown of p21 and/or p27 in mesothelioma cells
Overexpression of ectopic Cul4A in mesothelioma cells down-regulates p21 and p27 proteins and promotes cells growth
Cul4A promotes degradation of p21 and p27 proteins in mesothelioma cells
We next tried to evaluate the role of Cul4A on the degradation of p21 and p27 proteins in mesothelioma cells. In Cul4A overexpressed H28 cells (H28 pBabe Cul4A), both p21 and p27 proteins showed faster degradation rates compared to empty vector transfected controls (H28 pBabe EV) (Fig. 7A) We also observed that down-regulation of Cul4A with shRNA causes cell cycle arrest and growth inhibition through up-regulation 
(A) H290 mesothelioma cells. (B) H28 mesothelioma cells. (C) MS-1 mesothelioma cells. (D) HCT116 p53
Ϫ [20] and colon cancer cells [21] . Overexpression of p21 in hamster BHK21 cells causes cell cycle arrest in G1 phase, and reduces cell growth and DNA synthesis [22] . In addition to p21 overexpression, we noted up-regulation of p27 after Cul4A knockdown. p27 is also a cyclin-dependent kinase inhibitor, and its expression inversely correlates with poor patient prognosis in a large variety of cancers [23] [24] [25] . In mouse models, p27 has been noted to be a haplo-insufficient tumour suppressor [26] . It is tightly regulated in G0, G1 and S phases, and is elevated in G0 phase or growth factor-depleted cells. In contrast, degradation of p27 has been noted as cells are released from G1 and reaches the lowest levels in the late G1 and S phases [27] . Furthermore, overexpression of p27 was found to prevent activation of cyclindependent kinases and entry into the S phase of the cell cycle [28] . 
